The purpose of this study was to determine collegiate athletesʼ knowledge, attitudes, and behaviors concerning hydration and fl uid replacement. A survey containing questions pertaining to demographics and knowledge, attitude, and behavior on hydration and fl uid replacement was distributed to the athletes during team meetings and practices. A total of 139 out of 171 (81.3%) athletes participated in the study. The mean age of the athletes was 19.8 y. The mean score for knowledge, attitude, and behavior was 13.9 ± 1.8, 9.8 ± 2.2, and 12.4 ± 2.5, respectively, with higher scores indicating positive hydration knowledge, attitudes, and behaviors. Signifi cant positive correlation was observed between knowledge, attitude, and behavior scores (P < 0.05). Signifi cant difference (P < 0.05) was observed in the reported hydration behaviors between skilled (11.79 ± 2.08) and endurance (12.71 ± 2.63) athletes. Most athletes correctly answered the general hydration questions on the survey, but the majority did not correctly answer statements in regards to National Athletic Trainersʼ Association (NATA) and the American College of Sports Medicine (ACSM) position stands and lacked knowledge regarding appropriate use of sports drink. The results of this study identify specifi c areas of education for athletes with regards to hydration.
Fluid replacement for athletes is an area of great concern for athletic and health care professionals, such as certifi ed athletic trainers and sports nutritionists, who urge athletes to maintain proper hydration to prevent dehydration. Consequences of dehydration might include heat syncope (fainting), heat exhaustion, and, in extreme cases, heat stroke. Recommendations are made on proper hydration by organizations such as the National Athletic Trainersʼ Association (NATA) and the American College of Sports Medicine (ACSM) to help protect athletes from heat illness. Both the ACSM and NATA recommend fl uid replacement before, during, and after exercise (2, 4) . Recommendations include drinking 17 to 20 fl . oz. 2 to 3 h before competition and 7 to 10 fl . oz. 20 to 30 min before the event (4) . Also recommended is the inclusion of sodium and carbohydrates (sugar) in sports drink for events lasting longer than 1 h to aid athletes in staying hydrated (2) . Both groups make similar recommendations about fl uid replacement during and after exercise as well as appropriate levels of carbohydrate consumption in sports drinks.
Although these guidelines are published and disseminated, athletes are still susceptible to misinformation and often do not have suffi cient knowledge to maintain adequate hydration (7, 8) . This lack of knowledge can lead to inappropriate behaviors, such as an endurance athlete drinking water during long bouts of exercise instead of the recommended sports drinks.
Knowledge, attitude, and behavior come from the personal level of an individual. Axelson and Brinberg (1) state that "people think, feel and do, and what people think should therefore be related to what they feel and do." Consequently, increasing an athleteʼs knowledge about hydration should bring about desired changes in attitude and behavior in relation to this topic. Providing education could increase the athleteʼs nutrition knowledge and, potentially, improve his/her dietary behavior (3).
Chapman et al. (3) and Fedler et al. (6) observed that knowledge, behaviors, and practices of athletes were inadequate and did not always correlate. For example, Felder et al. (6) observed that only half of the athletes consumed sports drinks during competition, 20% consumed sports drinks during training, and 40% of athletes consumed alcohol on competition day (6) . This behavior demonstrates that these athletes did not replenish their carbohydrate stores and they practiced behaviors that could lead to dehydration on the day of competition. These studies suggest that changing attitudes and behaviors of athletes is just as important as improving their nutrition knowledge.
Not many studies have specifi cally examined the hydration knowledge of athletes, but studies of the general nutrition knowledge of athletes suggest that overall nutrition knowledge is poor (3, (6) (7) (8) (9) 11) . For example, Jonnalagadda et al. (7) and Rosenbloom et al. (8) both studied nutrition knowledge of collegiate athletes with similar results. Regarding the question related to the ACSM and NATA position statement that sports drinks should be used in events lasting longer than an hour, only 3% of collegiate football players agreed with this statement (7), and only 22% of collegiate athletes knew that sports drinks were a better fl uid choice than water (4). Zawila et al. (11) observed that 71% of the questions related to hydration were correctly answered by cross country runners, while Shiffl ett et al. (9) found athletes had the "poorest overall scores" when compared to athletic trainers and coaches.
Based on the existing literature, an increase in knowledge could potentially improve attitudes and dietary behaviors, if adequate attention is paid to all three components (3, 5, 7, 8) . If health care professionals fail to educate athletes, it is likely that athletes will continue to hold inaccurate views of nutrition, which can lead to poor dietary practices, affect athletic performance, and jeopardize the health of an athlete. Therefore, the present study was conducted to determine the knowledge, attitude, and behavior regarding hydration and fl uid replacement of athletes at a Division I National Collegiate Athletic Association (NCAA) institution.
Methods
The athletes who participated in this study were from one southeast Division I NCAA institution. All collegiate athletes enrolled at the university during the time of the study were eligible to participate in the study (N = 171). The institutional review board approved the study protocol.
Survey
Part I of the survey included 6 questions on demographic information. Part II of the survey contained statements regarding an athleteʼs knowledge, attitude, and behavior on hydration and fl uid replacement, which were formulated using several methods. Development of the survey included using questions from prior research studies (5) (6) (7) (8) 10) as well as creating questions based on the ACSM and NATA position statements regarding hydration and fl uid replacement. The questions related to hydration were developed to cover the main recommendations of both position statements. The knowledge section contained true/false statements; the attitude section contained a 5-point Likert scale (strongly agree to strongly disagree); and the behavior section contained yes/no statements. A knowledge score was calculated for each athlete by adding the total number of correctly answered questions in the knowledge section. The minimum score that could be obtained was 0 (0%) and the highest score was 17 (100%). Attitude and behavior scores were also calculated using a similar method. Minimum scores for the attitude and behavior sections were 0 (0%) while maximum scores were 17 (100%). The statements on each section of the survey were in the same order but worded differently to address knowledge, attitudes, and behaviors. Examples of the survey questions are shown in Table 1 .
Pilot Study
A pilot study was conducted at a local community college using a small group of athletes (N = 20). Athletes participating in this study included mostly male and female soccer players with a mixture of freshmen, sophomores, juniors, and seniors. The fi rst author (PEN) supervised the session in which the surveys were distributed and collected. Responses to the statements on the survey were analyzed and tested for internal consistency using Cronbachʼs alpha (SPSS version 11.0 for Windows, SPSS, Inc., Chicago, IL). An alpha value close to 1.0 indicates good internal consistency in the survey. Internal consistency was analyzed for all 3 sections of the survey and the Cronbachʼs alpha level for knowledge, attitude, and behavior were 0.94, 0.92, and 0.96, respectively, which indicate good internal consistency. The pilot study also revealed that a few of the answers to questions in the knowledge and attitude section were in the positive direction while the answers to the related behavior questions were in the negative direction. A revision was made to these questions so that answers in all 3 sections were in the same direction. A decision was 
Survey Administration
Written consent was obtained from all athletes participating in the study before completing the survey. The fi nal version of the survey was distributed with the help of the athletic training staff at the university. Surveys were distributed at team practices, team meetings, and treatment appointments in the athletic training room. The fi rst author (PEN) distributed the surveys, provided the necessary instructions for completion of the survey, and was available to clarify any questions that athletes might have while completing the survey. The athletes took, on average, 25 min to complete the survey.
Data Analysis
All statistical analysis was conducted using SPSS 11.0 version for Windows. Descriptive statistics were used to calculate the mean (± standard deviation) for age. Frequencies were calculated for gender, ethnic group, year of eligibility, sport classifi cation, and previous nutrition education. Frequency analysis was calculated for each question in part II of the survey using percentages of correct versus incorrect answers in the knowledge section (true/false) and positively versus negatively answered questions in the attitude (agree/disagree) and behavior sections (yes/no).
If an answer in the knowledge section was correct, it was scored as "1." If incorrect, the score was "0." The positive responses in the attitude section were scored as "1" and negative responses were scored as "0." Proper behavior answers were scored as "1" and poor behaviors were scored as "0." Mean scores (± standard deviation) were calculated for knowledge, attitude, and behavior sections. Pearson correlation coeffi cients were determined between knowledge, attitude, and behavior scores (P < 0.05). Data analysis also included comparing groups of athletes using independent t-tests. Comparisons included males versus females, upperclassmen (seniors and juniors) versus underclassmen (freshmen and sophomores), and skill sports versus endurance sports. Skill sports included tennis, softball, baseball, and volleyball and endurance sports included soccer, basketball, cross-country, and track. Track was considered an endurance sport in this study because it did not include fi eld events and all the track athletes at the time of the study ran and trained with the cross-country athletes. Signifi cance was set at P < 0.05.
Results
A total of 139 out of 171 (81.3%) athletes participated in the study. Athletes in the following sports participated: soccer, basketball, tennis, cross-country, track, baseball, softball, and volleyball. Athletes who missed team meetings and practices during survey administration were among those not participating in the study. Demographic information is presented in Table 2 . Pearson correlation analysis revealed signifi cant (P < 0.05) positive correlations between knowledge, attitude, and behavior scores (Table 3) . Figure 1 displays select responses to the knowledge, attitude, and behavior questions on the survey.
Knowledge
No signifi cant differences were observed in the knowledge scores of male and female athletes, therefore the gender data were combined. No signifi cant differences were observed in mean knowledge scores between year of eligibility, or sport type (data not shown). The mean knowledge score among all athletes surveyed was 13.9 ± 1.8. Only eight out of the 139 (5.8%) athletes achieved a perfect score of 17 (100%). Forty-one (29.5%) athletes had a knowledge score of 14 (82.4%). One-third (33.1%) of the athletes did not correctly answer 80% or more of the knowledge questions (14 out of 17). Table 4 presents the responses to individual knowledge questions by athletes. Statements about general hydration such as the importance of fl uids being readily available during practice and competition were answered correctly by 98.6% and 97.1% of athletes, respectively. Knowledge statements concerning NATA and ACSM position stands were frequently missed by the athletes surveyed. For example, only 52.5% knew that an athlete should drink sports drinks when exercising for more than an hour. Just over one-tenth (10.1%) Previous nutrition education includes: taken a nutrition class in college, sat in on a nutrition lecture given by a dietitian in college, or had nutrition education at freshman orientation. of the athletic population surveyed reported drinking two or more alcoholic beverages the day before practice or competition. Ten percent (n = 14) of athletes were under the assumption that drinking two or more alcoholic beverages the day before practice or competition would not lead to dehydration (Table 4) .
Attitude
No signifi cant differences were observed in the attitude scores of male and female athletes, therefore the gender data were combined. No signifi cant differences were found between year of eligibility, or sport type in the attitude responses (data not shown). Table 5 presents the athletesʼ responses to the attitude statements on the survey. The mean attitude score among the athletes was 9.8 ± 2.2, which represents 58.8% positive attitude rate (10 out of 17). There were several statements in the attitude section of the survey in which most of the athletes reported as being undecided or disagreeing. For example, 43.2% either strongly agreed or agreed, 40.3% were undecided, and 16.5% disagreed with the statement regarding whether sports drinks should be consumed when exercising over 1 h. Only 51.8% agreed that sports drinks are better than water because of their ability to restore glycogen in the muscles. Nearly one-fourth (23%) of athletes surveyed believed that thirst alone is a reliable indicator of dehydration.
Behavior
No signifi cant differences were observed in the behavior scores of male and female athletes, therefore the gender data were combined. There was a signifi cant difference between endurance athletes and skill athletes (12.7 ± 2.6 vs. 11.8 ± 2.1, P < 0.05), but no signifi cant difference was observed by year of eligibility (data not shown). Responses to the behavior statements are reported in Table 6 . About one-third of athletes did not use sports drinks as suggested by NATA and ACSM position statements. Other NATA and ACSM position statements on the survey, such as drinking 17 to 20 fl . oz. 2 h before competition and 7 to 10 fl . oz. 10 to 20 min before competition, were not practiced by the athletes. More athletes reported following the guideline of 17 to 20 fl . oz. 2 h before competition (70.5%) rather than 7 to 10 fl . oz. 10 to 20 min before competition (59.0%). The majority of the athletes (85.6%) did not weigh themselves before and after practice to determine how much fl uid to replenish. Nearly a quarter of the athletes did not recognize excessive sweating, thirst, or cramping as warning signs of dehydration (21.6%) and several athletes reported drinking more than two alcoholic beverages the day before competition (7.2%).
Discussion
The present study examined the knowledge, attitudes, and behaviors of collegiate athletes regarding hydration and fl uid replacement practices. Results suggest that these collegiate athletes need to be educated about proper hydration and fl uid replacement practices, and should be monitored regularly to reinforce positive attitudes and behaviors regarding hydration. The signifi cant and positive correlations observed between knowledge, attitude, and behavior scores, although weak, indicate that an increase in knowledge can improve attitudes and behaviors. Cupisti et al. (5) suggest that adequate nutrition knowledge can protect from poor dietary behaviors. Taken together, these results suggest that knowledge, attitudes, and behaviors are important to promote changes in dietary practices of these collegiate athletes.
There is minimal research about the knowledge, attitude, and behaviors regarding hydration and fl uid replacement of collegiate athletes. Most of the existing literature pertains to general nutrition knowledge of athletes, in which some portions were related to hydration. Because of the focus of this study on hydration and fl uid replacement, comparing results of this study to results from other studies is diffi cult and inappropriate because of the broad area of general nutrition covered in previous studies.
Although nutrition education is used to increase knowledge of an athlete, nutrition knowledge does not always translate into behavior change. This is evident in the study by Chapman et al. (3) who studied 2 groups of adolescent athletes randomly assigned to a control and an experimental group. Although nutrition knowledge was higher in the group receiving education, dietary intake (i.e., dietary behavior) did not differ between the 2 groups, suggesting that changing attitudes and behaviors of athletes is just as equally important as improving knowledge.
Zawila et al. (11) evaluated the knowledge and attitudes of female cross-country runners relating to many aspects of nutrition. Of the nine hydration questions on the survey, a mean number of 6.4 were answered correctly which translates to an average of 71.1% of questions answered correctly (11) . These results are similar to that observed in the present study, suggesting that certain groups of athletes might be more knowledgeable about proper hydration than other groups.
As a result of the nature of endurance sports and the importance of staying nutritionally fi t for competition, cross country and track athletes are typically inclined to learn more about the effect of nutrition on their body and performance than those athletes participating in skilled sports. Sugiura et al. (10) found that Weighing before and after practice is a good way to determine how much fl uid to consume. 14.4 85.6
Excessive sweating, thirst, and cramping are signs of dehydration. 78.4 21.6
More than 2 alcoholic drinks the day before competition can lead to dehydration.
92.8
Note. These statements are abbreviated.
middle-distance and long-distance runners (endurance athletes) had better diets when compared to sprinters, jumpers, and throwers (skill athletes). Likewise, in the present study, endurance athletes had signifi cantly better hydration and fl uid replacement behaviors than athletes in skill sports. These studies suggest that a targeted effort should be made to identify athletes who are more susceptible to inappropriate nutrition behaviors and appropriate education programs should be implemented.
The results of the present study suggest that although athletes could have adequate general hydration knowledge, their knowledge did not necessarily match their behaviors. The attitudes and behaviors reported by these athletes as related to the ACSM and NATA position statements were inappropriate. The results highlight the importance of regular monitoring of athletesʼ fl uid consumption behaviors to avoid practices that could have a negative impact on their health and performance. Positive hydration behaviors should be reinforced, while athletes should be counseled about inappropriate hydration behaviors and the consequences of these behaviors.
One specifi c area of hydration and fl uid replacement in which many of the athletes surveyed demonstrated poor knowledge, attitude, and behaviors was sports drinks consumption. Despite the advertising, sponsorship, and availability of sports drinks in the athletic community, athletes in the present study not only lacked knowledge, but also did not report practicing proper fl uid replacement with sports drinks. Only 52.5% of athletes in the knowledge section correctly answered the statement that sports drinks should be consumed when exercising for more than an hour. Athletesʼ response to this same statement in the attitude section revealed that only 43.2% agreed, while in the behavior section, more than two-thirds of the athletes (66.9%) reported consuming sports drinks when exercising for more than an hour. These results are similar to those previously reported (6) (7) (8) , suggesting that athletes have little understanding of the positive effects of sports drinks in maintaining proper hydration and performance, and need to be educated about the infl uence of the carbohydrate and electrolytes in these drinks on maintaining athletic performance. These results also imply that the mere availability of these specialized drinks is inadequate to promote their consumption. In addition to educating athletes about the appropriate use of these sports beverages, coaches, athletic trainers, and sports nutritionists have a responsibility to ensure that athletes engaged in endurance sports consume these sports beverages.
Without adequate awareness of hydration recommendations, athletes can fall short of appropriate hydration in practice and competition. Improper behavior could be a result of defi cient education or negative attitudes. This might be true for the athletes in this study in which the majority were not knowledgeable of NATA and ACSM position stands or the proper use of sports drinks, resulting in poor fl uid replacement behavior. The results of this study should alert health care professionals working with athletes about educating this young, highly vulnerable group about NATA and ACSM recommendations for proper hydration. Emphasis should be placed on education specifi c to hydration and fl uid replacement guidelines for the athletes. In addition to making fl uids readily available to the athletes, steps such as increasing access to fl uid stations, providing individual fl uid bottles, and monitoring body weight before and after activity, should be taken to encourage voluntary fl uid consumption. In addition, development of individualized recommendations and fl uid regimens would promote positive knowledge, attitudes, and behaviors among these athletes.
In general, athletes in this study had adequate knowledge on fl uid replacement but did not know the specifi c amounts of fl uids that should be consumed and did not practice the knowledge they reported. Therefore, athletic and health care professionals working with these athletes should place more emphasis on monitoring athletes during training, competition, and pre-and post-events, to ensure that proper fl uid replacement techniques are practiced.
There are several limitations to the present study. It was conducted at one school in southeast US, which limited the sample size. Although the participation among the athletes was good (81.3%), some athletes were not present during practices or team meetings and as a result were unable to complete the survey. The men and womenʼs golf teams practiced at an off-campus location and were not available to complete the survey. Therefore, no golfers were included in this study and their knowledge, attitudes, and behaviors would have been benefi cial to know. In addition, this school did not have a football team, a group of athletes who could potentially have different hydration behaviors than other groups of athletes. A low number of skill athletes (n = 53) completed the survey compared to endurance athletes (n = 86). In addition, actual hydration and fl uid replacement behaviors of these athletes were not observed.
Despite these limitations, the results of the present study identify the need for ongoing education of collegiate athletes regarding hydration and fl uid replacement. Sports nutritionists, coaches, and athletic trainers not only need to educate athletes about proper hydration, but by creating an environment that will promote positive attitudes and behaviors they can ensure that athletes will put their knowledge to practice.
